Abstract Introduction: Mindfulness-based cognitive therapy has been shown to reduce psychological distress in chronic obstructive pulmonary disease, but uptake and attendance rates of hospital-based, face-to-face mindfulness-based cognitive therapy are low. The present mixed-methods study evaluates the clinical feasibility of home-based, tele-delivered mindfulness-based cognitive therapy in chronic obstructive pulmonary disease. Methods: Eight patients with chronic obstructive pulmonary disease (mean age: 72.6 years; 50% female) received a standardised eight-week mindfulness-based cognitive therapy programme delivered via home-based video-conferences in groups of four. Feasibility in relation to (a) clinical change, (b) attendance and (c) instructor-patient working alliance were evaluated with questionnaires and semi-structured interviews. Results: Statistically non-significant reductions in psychological distress (Cohen's d ¼ 0.504; p ¼ 0.399) and physical health status impairment (d ¼ 0.743; p ¼ 0.156) were observed from pre-to post-intervention. Participant narratives about clinical outcomes focused on changes in how to relate to unpleasant sensations, i.e. through attentional flexibility, taking a pause and acceptance. The average attendance rate was 7.5 (standard deviation ¼ 0.8) out of eight sessions and no participants dropped out. The tele-based format appeared to accommodate participants' planning difficulties and promoted their ability and wish to participate. Although participant narratives suggested the tele-based format to be a barrier to developing a trusting and safe therapeutic environment, working alliance questionnaire scores were comparable to those found for face-to-face mindfulnessbased cognitive therapy. Discussion: The preliminary results indicate that tele-delivered mindfulness-based cognitive therapy is a clinically feasible intervention in chronic obstructive pulmonary disease. Future large-scale, randomised controlled trials testing its efficacy on the outcomes of psychological distress and physical health status should include analyses of potential mediators and moderators of the effect as well as and careful monitoring of attendance and adverse events.
Introduction
Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity and mortality worldwide. 1 In addition to physical symptoms such as breathlessness, cough and excessive mucus production, patients often report high levels of psychological distress. 2 COPD patients experiencing psychological distress typically also report poor physical health status as well as frequent use of acute healthcare services, 3 indicating a need for efficacious interventions for reducing psychological distress in this patient group.
Mindfulness-based cognitive therapy (MBCT) is a manualised eight-week, group-based psychological intervention combining mindfulness meditation with elements from cognitive behavioural therapy (CBT). 8 MBCT has recently shown to reduce psychological distress in COPD in a randomised controlled trial with face-to-face MBCT delivered as an addition to a standardised pulmonary rehabilitation (PR) programme. 9 Unfortunately, as is often seen for behavioural interventions in COPD, 10 uptake and attendance rates were low (52% inclusion rate; mean number of MBCT sessions attended ¼ 4.0 (standard deviation (SD) ¼ 2.74)). Among the reasons for COPD patients' non-attendance are activity limitations, travel issues and costs. 10 Similar issues are seen in other physical health conditions, and synchronous and asynchronous tele-based delivery of MBCT (tele-MBCT) has shown to be feasible in chronic diseases such as cancer, chronic pain and irritable bowel syndrome. 11, 12 While asynchronous, self-directed intervention types may be challenging for the present generation of COPD patients (i.e. elderly population with relatively limited computer skills), 13 synchronous, facilitated teledelivered medical consultations and PR programmes, in which healthcare professionals and patients communicate through a videoconference device, have been shown to be feasible and acceptable in COPD. 14, 15 To date, however, little is known about the clinical feasibility of teledelivered psychological interventions in COPD.
Using videoconferencing to deliver psychological intervention has received increasing empirical support, with the available studies indicating high levels of patient satisfaction. 16 Yet, the field is still in its infancy, and concerns have been raised that tele-delivered psychological interventions could negatively impact the development of a productive therapeutic working alliance and complicate procedures for taking clinical responsibility of patients at a distance. 17 Moreover, additional issues have been raised regarding technology-mediated presence, e.g. whether technology-mediated experiences evoke the same bodily, emotional and cognitive dynamics as a real experience and how this may influence clinical outcomes. Furthermore, little is known about individual variation in the experience of, and responses to, technology-mediated environments. 18, 19 Therefore, in addition to quantitative assessments of changes in pre-specified clinical parameters (i.e. psychological distress and physical health status), it is relevant to qualitatively explore individual patients' experiences with receiving and engaging in tele-MBCT with the overall purpose of evaluating its clinical feasibility and identifying relevant design issues for future efficacy trials.
Based on this background, the aim of the present study was to evaluate the clinical feasibility of tele-MBCT in COPD using a mixed-methods design to: (a) measure pre-post-intervention clinical change in psychological distress and physical health status; (b) monitor drop-out rate and attendance rates (number of tele-MBCT sessions attended); (c) measure the participants' perception of the therapeutic working alliance during the intervention and (d) explore the participants' individual experiences with receiving tele-MBCT.
Specifically, a 'convergent parallel' type of design 20 was applied, with quantitative and qualitative data collected independently and then analysed to contribute to the understanding of the same particular phenomenon.
Methods
The methodology and reporting of the present study has been subjected to a comprehensive critical appraisal using instruments for evaluating mixed-methods research good reporting of a mixed methods study (GRAMMS) assessment of reporting; 21 Sale and Brazil's assessment of methodology 22 (see supplementary material File S1)).
Patients with a spirometry-confirmed (forced expiratory volume in one second <50%) COPD diagnosis were invited to take part in the present feasibility study. The participants were recruited from the control group of a larger study. 9 After having provided informed consent, and after having completed a baseline questionnaire package, a touch-screen computer for conducting videoconsultation (EWII Telecare, Odense, Denmark) was installed in the participants' homes and a brief individual test call from the MBCT instructor was made. As part of the test call, the MBCT instructor and each participant settled on a convenient date and time for an individual pre-intervention clinical interview (see below). All participants were then invited to take part in eight group-based, videoconference sessions, constituting the tele-MBCT intervention described in the following. The touch-screen computers were removed after termination of the tele-MBCT intervention, followed by participants completing post-intervention questionnaires and taking part in individual qualitative research interviews.
Intervention
The tele-MBCT intervention was based on the manualised MBCT programme 23 originally developed to prevent relapse in major depression and adjusted to meet the needs of COPD-patients. 9 Tele-MBCT was comprised of an initial 30-60 min individual interview followed by eight weekly 120-minute group sessions of meditation, mindfulness movement activities and cognitive exercises. Participants were encouraged to practice mindfulness meditation individually at home between sessions for an approximate duration of 20-30 min per day. The eight sessions were led by a clinical psychologist (IF-V). Weekly handouts and an audio compact disc (CD) with meditation and mindful movement exercises were sent by post to each participant prior to the first tele-MBCT group session. For further details concerning the intervention content, see Farver-Vestergaard et al. 9 Since participants were recruited from an elderly sample (mean age of the mother sample ¼ 67.2 years) 9 we did not expect all participants to have their own computer. Therefore, the tele-MBCT intervention was delivered via touch-screen computers installed in the participants' homes prior to the first session. The computers had integrated camera, speaker and microphone, allowing each participant to see, hear and speak to the instructor and the other participants. The instructor operated a provider station to make a group call to all participants prior to each session and to terminate the call after each session. The instructor contacted service providers in instances of technical issues.
Quantitative evaluation
The clinical parameters of psychological distress and physical health status impairment were assessed pre-and post-intervention. Psychological distress was assessed with the Hospital Anxiety and Depression Scale (HADS). 24 Its 14 items yield a total score ranging from 0-42, with higher scores representing higher levels of distress. Physical health status impairment was measured with the COPD Assessment Test (CAT). 25 This consists of eight items resulting in a total score ranging from 0-40, with higher scores representing higher levels of impairment. Both questionnaires have shown satisfactory psychometric properties in COPD (HADS Cronbach's a ¼ 0.82; CAT a ¼ 0.92). 9 For each individual participant, the total number of MBCT sessions (0-8) attended as well as the potential wish to withdraw from the intervention were registered. Average attendance and drop-out rates for the whole sample were computed.
Between session four and five, participants completed the Working Alliance Inventory (WAI), 26 measuring their perceptions of the therapeutic instructor-patient working alliance. Total scores range from 12-84 with higher scores representing a better alliance.
Paired t-tests were performed to explore changes in HADS and CAT scores after tele-MBCT.
Qualitative evaluation
Semi-structured qualitative interviews were conducted with all participants immediately after completion of the tele-MBCT programme either in the participant's own home or via telephone (the interview guide is shown in supplementary material File S2). Interviews were conducted by a research assistant (NCS) with a background in psychology and experience within the field of psychological intervention in COPD. All interviews were transcribed verbatim by a second research assistant. The analysis was based on the thematic analysis framework. 27 The six iterative phases of analysis started with a thorough and detail-oriented reading of research interviews and moved gradually towards a condensed understanding of the data through the identification and definition of themes. The initial coding of data was based on an inductive approach, but as the analysis moved towards the definition of themes, it took a more deductive approach with focus on areas of the data that complemented the quantitative evaluation (i.e. clinical change, attendance and working alliance). In this approach we sought to provide as balanced an account of experiences as possible by actively seeking conflicting utterances under a given theme. The analysis was primarily carried out by the first author (IF-V), supplemented with discussions with the interviewer (NCS) and other colleagues. 28 During the analytical process, a reflective logbook was kept, using the NVivo software (NVivo, Version 11.3.0.773; QSR, 1999-2016).
Results
In the period from February-May 2016, a total of eight out of 47 invited COPD patients (17%) were enrolled in the study and allocated to two treatment groups of four participants each (reasons for non-participation: eight patients preferred face-to-face MBCT; 25 patients were not interested in receiving any form of MBCT at the time of recruitment; six patients did not respond to our telephone calls). The individual participant and total sample characteristics at baseline, as well as HADS, CAT and WAI scores are shown in Table 1 . Three participants (numbers 2, 3 and 5) reported a pre-to-post treatment reduction of the HADS score, while an increase was observed in two participants (number 1 and 7). Five participants reported a reduction of the CAT score after Tele-MBCT (number 1, 4, 5, 6 and 7), while two participants reported an increase (number 2 and 8).
Quantitative results
On average, a medium (Cohen's d ¼ 0.50), but statistically non-significant reduction in HADS scores was observed from pre-to post-intervention (t(7) ¼ 0.90, p ¼ 0.399). Likewise, a medium (d ¼ 0.74), non-significant reduction in CAT scores was seen from pre-to post-intervention (t(7) ¼ 1.587, p ¼ 0.156).The average attendance rate was 7.5 (SD ¼ 0.8) out of eight sessions, and no participants dropped out. The average WAI score assessed between session four and five was 68.88 (SD ¼ 10.72).
Qualitative results
The themes emerging from the qualitative analysis complement the quantitative data by relating to (a) clinical change, (b) attendance and (c) working alliance.
Theme 1: Changes in relating to unpleasant symptoms. When asked about what they had gained from the intervention, participants generally described a change in how they related to unpleasant psychological symptoms and physical sensations from before to after the intervention. Three prominent areas of change were identified: First, several participants described an experience of increased attentional flexibility (Table 2 , Quote 1), including an improved capability of being aware of both positive and negative aspects of life ( Table 2 , Quote 2). Second, taking a pause -physically and mentally -is another example of changes in ways of relating to unpleasant experiences ( Table 2 , Quote 3). Third, a number of participants mentioned increased acceptance as a new way of dealing with unpleasant sensations (Table 2 , Quote 4). Not all participants reported changes right away. One participant stated: 'I'm feeling as I've felt all along' (Participant 3). Later in the interview, however, this participant described that the intervention had made her aware of the importance of pausing before action: 'It [tele-MBCT] taught me a whole lot about not just reacting straight away. Take a moment to make sure that your head agrees with your response'.
Theme 2: Practical aspects of attendance. In relation to attendance, the participants described a number of practical benefits related to the tele-delivered format of the intervention. Most participants experienced the homebased format and the associated reduction of travel burden, positively. First, the tele-based format appeared to make planning of the day easier, which was perceived by several participants as a very important aspect when attending a large number of treatment sessions ( Table 2 , Quote 5). Second, a few participants expressed that the home-based format had a positive influence on their choice to participate in the intervention at all, and one participant declared that without the tele-based format, she would not have been able to take part at all (Table 2, Quote 6).
Theme 3: Relational aspects. Finally, the tele-based intervention also appeared to influence the relational aspects of taking part in the intervention sessions. Negative influences of the tele-based format mentioned included an experience of a reduced and disturbed personal contact with the other participants and the instructor, often caused by technical problems (i.e. disruption due to an unstable video connection). According to some participants, this led to difficulties in creating an atmosphere of trust and safety, which in turn was perceived as a barrier to the willingness to disclose certain personal experiences and feelings (Table 2, Quote 7). One participant expressed the need for a hotline for participants who are left alone with their worries and concerns, each time the videoconsultation was, timely or untimely, disconnected. In spite of these negative influences on the quality of participating in the sessions, most participants reported that, over time, the personal contact with fellow participants and the instructor developed into a warm, respectful and caring relationship (Table 2, Quote 8). Among the positive influences mentioned were that the telebased format demanded more intense management of the group dynamics, which led to increased concentration -something several participants felt was lacking in faceto-face interventions they had attended (Table 2, Quote 9). Moreover, the tele-based format used in the present study did not allow groups of more than four participants plus the instructor, and several participants mentioned that this allowed more time to address the issues of each participant, which was perceived positively (Table 2, Quote 10).
Discussion
The present study is among the first to evaluate the clinical feasibility of a tele-delivered psychological intervention in COPD, using a mixed-methods design. Overall, the quantitative study results are concerned with three areas: (a) clinical change, (b) attendance and (c) working alliance, with the qualitative data on participant experiences complementing and expanding on the quantitative results.
Clinical change
The results of the quantitative evaluation indicated that, for psychological distress, an average reduction of Yes, I think I would get it all out then. And that has been a big thing for me. Interviewer: Is it because it makes you feel safer to physically sit across from a person? Participant: I think so. You'll be quick to figure out if it is someone you trust and if the chemistry is there (Participant 5). Positive aspects of telebased format Quote #8 Also gradually, as the session moved forward, then it was as if we really knew each other. As time passed. [. . .] That was amazing that you could get so close when other people were there. To expose yourself, when total strangers were listening (Participant 2). Quote #9 It is my experience that when you meet via the tele-monitor, [. . .] there is more respect for when the instructor says something than when you meet in person. When you meet in person people talk. But that is a normal interaction-thing. That if you feel like the instructor isn't saying something, that capture your attention, then you can spent the time whispering to your neighbour. You can't do that here. [. . .] People exhibit a different discipline and that means that you can be more effective in a 'distal learning universe' than if you meet in person (Participant 8). Quote #10 Well the upside of using the tele-monitor and of not being more people than we were, were that if someone raised their hand they got to say something. And it was not like the same people talked all the time, which is often the case on courses like these. There can be people who talk more and longer than others. But here it's limited. Also because we only were four. Then you can say something quickly. [. . .] And if you have a comment. You get to say that quicker as well, than in courses were you are face to face because such courses would probably include more people (Participant 7).
1.5 points on the HADS was seen after tele-MBCT, representing a clinically relevant improvement (minimal clinically important difference (MCID) for the HADS ¼1.5 points). 29 The average improvement corresponds to a medium effect size (Cohen's d ¼ 0.50). Concerning physical health status, the average reduction of 1.5 points of the CAT score did not exceed the suggested MCID of two points. 30 However, the magnitude of the average improvement was medium-to-large (d ¼ 0.74). For both outcomes, the differences failed to reach statistical significance, which is likely due to the small number of participants included in the present feasibility study. Looking at individual participants' change scores after tele-MBCT, only three participants reported improvements of HADS scores, and the average improvement described above appeared to be driven by a single participant (Participant 5) reporting a considerably large improvement. Five individual participants reported an improvement in CAT scores after the intervention and there were no apparent outliers. Summing up observations across individuals, it appears that it was not the same participants who experienced improvements both in psychological distress and physical health status. Moreover, individual participants with relatively high levels of psychological distress at baseline tended to report post-treatment improvements in HADS scores. In contrast, individual participants who reported improvement of physical health status after the intervention had relatively low levels of CAT scores before the intervention. Based on these findings, future efficacy studies should consider taking baseline levels of psychological distress and physical health status into account when including patients. When considering the qualitative results, participant narratives focused on changes in how they related to psychological and physical concerns and symptoms. Changes included (a) attentional flexibility, which also encompassed a broader awareness of both positive and negative aspects of life, (b) pausing and improved pacing of physical and mental activities and (c) increased acceptance of difficult thoughts and feelings. The ability to pause has previously been described as an important facet of optimal COPD management, 31 and attentional flexibility and acceptance are inherent concepts in the theory of how mindfulness-based intervention achieves its outcomes. 32 While this could be taken as suggesting that the participants may have learned to interpret their experiences through the narrative of mindfulness intervention, the accounts obtained in the present study may also provide indications of possible mechanisms of change to be tested further through mediational analyses in larger trials.
Attendance
The average attendance rate was considerably higher in the present study (7.5 out of eight sessions) than in a recently published randomised controlled trial (RCT) of face-to-face delivered MBCT (4.0 out of eight sessions). 9 Complementing these findings, the qualitative results suggest that the tele-based format met the participants' needs for being able to plan their day and improved their ability and willingness to participate, which resonates with the findings of a qualitative study of tele-delivered MBCT in cancer. 12 It is unknown, however, whether higher attendance rates in itself leads to improved outcomes. Reasons for non-attendance may vary, including perceptions of insufficient treatment gains or negative attitudes towards the intervention. Furthermore, adherence between sessions (e.g. engaging in home practice; integrating mindfulness in everyday life activities) may be more important for intervention outcomes than the number of attended treatment sessions. 23 Future studies should supplement measures of session attendance with between-session adherence to home practice as well as registering reasons for nonattendance. The inclusion rate of the present study was relatively low (17%). This finding should, however, be interpreted in the light of patients being recruited after having already participated in a RCT with frequent (five measurement points), comprehensive questionnaires and a long follow-up period (six months). 9 
Working alliance
The average perception of the therapeutic alliance in the present study (WAI: mean ¼ 68.88, SD ¼ 10.72) was comparable to the results obtained in an RCT of faceto-face MBCT using the same instructor as in the present study (WAI: mean ¼ 63.67, SD ¼ 13.63). 9 This finding supports the feasibility of tele-MBCT, as non-specific factors such as the working alliance have been suggested to be as important in technology-delivered interventions as in face-to-face therapy. 17 The qualitative results of the present study complement these findings by indicating that the tele-based format could negatively influence the personal contact with the instructor and between fellow participants, thereby possibly reducing trust and feelings of safety. Similar concerns related to issues of confidentiality and the impersonal nature of tele-based interaction have previously been reported. 12, 33 It has been recommended that ethical and safety procedures should be considered and thoroughly described in future studies, e.g. by including face-to-face clinical interviews and monitoring of adverse events. 17, 34 Moreover, participant narratives emphasised technical problems as interfering with the therapeutic relationship, which is in line with findings from other studies. 35 Technological issues should therefore be monitored and explored in more detail in future studies, e.g. paying special attention to patients living in remote areas where Internet connectivity may be relatively poor.
On the other hand, participants in the present study also reported positive influences of the tele-based format on relational aspects, including more efficient management of the group dynamics. Taken together, whether positively or negatively, the tele-based format appears to influence relational aspects, which may in turn influence outcomes. Future studies are therefore recommended to explore the influence of relational aspects, e.g. by including measures such as the Distance Communication Comfort Scale. 36 In the longer term, as new generations are aging, the COPD population will be predominated by people who are more adept in tele-based communication, and relational aspects of tele-delivered psychological intervention may perhaps become less of an issue. 37 
Limitations
As this was a feasibility study, certain limitations should be taken into account when interpreting the results. First, due to the small sample size, the statistical power and precision is limited, and change scores (pre-post quantitative data) should not be interpreted as an indicator of treatment effect, but rather as a clinical summary of a number of individual cases. Second, the participants were a convenience sample recruited from the control arm of a larger randomised trial testing the efficacy of face-to-face MBCT, 9 and the participants in the present study may therefore have had a more positive attitude towards psychological intervention than COPD patients in general. Third, a control group was not included and we cannot, therefore, be certain whether similar changes over time could have occurred spontaneously. Fourth, questionnaire contents might have influenced participant narratives in the subsequent interview.
Perspectives
The results of the present study suggest that tele-MBCT could be a clinically feasible intervention in COPD. Future, large-scale randomised controlled trials are needed to explore the efficacy of tele-MBCT on the outcomes of psychological distress and physical health status in COPD. Based on the present findings, future studies could preferably include (a) inclusion criteria related to baseline levels of psychological distress and physical health status, (b) mediational analyses of MBCT-related factors, e.g. attentional flexibility and acceptance, and moderating influences of tele-related factors, e.g. distance communication and tele-presence, (c) monitoring of session attendance and between-session adherence as well as underlying reasons for (non-)attendance and (d) careful consideration and description of ethical and safety procedures. Finally, and on a more general level, the question of cost-effectiveness of telehealth in COPD remains unanswered, 15, 38 and is of crucial relevance for the implementation of tele-delivered interventions such as tele-MBCT. 33 Therefore, future trials could be improved by including comprehensive short-and long-term health economic analyses, as well as delivering the intervention via a desktopbased application as a less costly alternative to the touchscreen computers installed in patients' homes for the purpose of the present study.
